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NON-RE WETTING MULTI-FIBER HAND TOWEL 
AND METHODS OF MAKING SAME 

5. Field of the Invention 

The present invention relates to hand towels which incorporate both hydrophobic 
and hydrophilic components. In particular, the present invention relates to hand towels 
which allow a user to feel that the towel remains dry, but which also allow for absorption of 
10 moisture. Further, the present invention also relates to methods of making such hand 
towels. 

Background of the Invention 

15 After hand washing, typically a paper-based hand towel is used to dry one's hands, 

particularly in public restrooms. Often, such a towel is used until its outer layer(s) feels 
wet to the touch, sometimes resulting in moisture remaining on the hands of the user, and 
a sense that the drying experience has been insufficient. At that point, the wet towel is 
disposed and another towel may be dispensed to continue drying. Unfortunately, this 

20 practice often fails to use the full absorptive capacity of the hand towel. Although the 
outer layer(s) of the used towel feels wet, the towel may still have unutilized absorptive 
capacity. However, the user's perception that the hand towel is wet and that its continued 
use will cause moisture on the towel to retransfer back to the user's hands (i.e. rewetting), 
causes the user to discard the towel and replace it with a fresh dry one. Consequently, 

25 the failure to utilize the towel's full capacity results in waste, either in the extra towels 
required by the user to attain a dry feeling, or the excess raw materials added by the 
manufacturer of the towel, in order to compensate for the wet sensation, such excess raw 
materials assuring adequate absorption of moisture, but in effect, overcompensating by 
producing hand towels with greater absorption capacity than is truly necessary to assure • 

30 the dryness objective. 

In this regard, personal care products, such as diapers, feminine protective pads, 
and training pants, have often been produced with superabsorbents to enhance the 
absorption abilities of a cellulosic or nonwoven material. While such materials may be 
highly effective for drawing fluid away from the skin contact surface of an absorptive 

35 product, such superabsorbents may not be structurally practical, or pose logistical 
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challenges to the construction of a hand towel. Furthermore, such superabsorbents are 
often costly, and could significantly increase the paper towel cost to the consumer. 

While hydrophobic material has been used in connection with paper towels in the 
past, it is not believed that there has been a use of such materials in a manner that would 
create a uniform sense of dryness throughout the surface of a paper towel. For instance, 
U.S. Patent No. 1 ,122,959 to Little, for a Paper Towel, describes hydrophobic material 
which is printed on the surface of a paper towel for strength reinforcement attributes. 
Such strength reinforcement is accomplished along specific narrow lines on the paper 
towel surface. 

U.S. Patent No. 5,389,202 to Everhart et al. for a Process for Making a High Pulp 
Content Nonwoven Composite Fabric, describes a composite nonwoven fabric potentially 
creating greater than seventy weight percent pulp which is created by hydraulically 
entangling pulp fibers into a continuous filament substrate. The continuous filament 
substrate may be hydraulically entangled with one pulp layer on one side and if desired, a 
different pulp layer on the other side, creating a composite with two pulp-rich sides. The 
high pulp content may be used in a heavy duty wiper and as an absorbent personal care 
product as a distribution layer, for improving fluid transport away from the skin of a user to 
the absorbent layer, increasing separation between the moisture in the absorbent core 
and the skin of a user. 

Finally, U.S. Patent No. 5,990,377 to Chen et al. for Dual-Zoned Absorbent Webs 
which is incorporated herein by reference in its entirety, describes a web in which 
hydrophobic fibers are placed external to paper in order to change the wetting 
characteristics. The web is a three dimensional absorbent web having both peaks and 
valleys, of which the hydrophobic material has been deposited on the peaks. The web is 
used to promote both fluid flow and dry feel. The web is created by depositing 
hydrophobic matter on the upper-most body contacting regions on the three dimensional 
hydrophilic web. 

Accordingly, there is a need for an affordable hand towel that retains the dry 
feeling uniformly throughout the entire towel surface, yet continues to absorb moisture 
during the hand drying process. Such towels would ideally not create the impression of 
"rewetting" the user. Such a towel could reduce waste by allowing the utilization of 
substantially the entire absorbency capacity of the towel, thereby reducing towel 
consumption rates and/or raw material consumption rates (leading to a reduction in towel 
basis weight). Such a towel could also improve the utility of a single hand towel and 
ultimately improve overall costs to the consumer. 
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Summary of the Invention 

An absorbent multilayered web includes a top surface layer, with the top surface 
layer including first and second fibers, wherein the first fibers are hydrophilic and the 
5 second fibers are hydrophobic, and further wherein the first and said second fibers are 
substantially uniformly distributed on the top surface layer, and at least one additional 
layer. 

As an alternative, such second fibers are included from about 10 to about 50 
percent of the top surface layer. As a further alternative embodiment, the hydrophobic 

10 fibers are chemically treated cellulosic fibers. In still a further alternative embodiment, the 
hydrophobic fibers are chemically treated with an amino polysiloxane. In still a further 
alternative embodiment, the additional layer includes hydrophilic fibers 

In yet another embodiment of the invention, the absorbent multi-layered web 
includes a first outer layer and a second outer layer. The first and second outer layers 

15 contain first and second fibers. The first fibers are hydrophilic and the second fibers are 
hydrophobic. Such first and second fibers are substantially uniformly distributed on the 
first and second outer layers of the web. A third, middle layer is disposed between the 
first and second outer layers, and contains predominantly hydrophilic fibers. In an 
alternative embodiment of this embodiment, the second fibers make up from about 10 to 

20 about 50 percent of the first and second outer layers. 

A method of making an absorbent multi-layered web includes the steps of providing 
hydrophilic fibers; providing hydrophobic fibers; forming a first web layer of substantially 
uniformly distributed hydrophilic and hydrophobic fibers; creating at least a second web 
layer; and joining said first layer with said web second layer. 

25 

Brief description of the Drawings 

Figure 1 represents a cross-sectional view of a paper towel in accordance with the 
30 invention, the towel having two layers in a single-ply. 

Figure 2 represents a cross-sectional view of an alternative embodiment of a paper towel 
in accordance with the invention, the towel having three layers in a single ply. 

35 Figure 3 represents a data depiction, in graph form, of Non-Rewetting Performance^. 
Concentration of Hydrophobic Fibers in Towels in accordance with the present invention. 
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Detailed Description of the invention 

Definitions: 

In describing the webs of this invention and their fluid-handling characteristics, a 
number of terms and tests are used which are described below. 

As used herein, "high yield pulp fibers" are those papermaking fibers of pulps 
produced by pulping processes providing a yield of about 65 percent or greater, more 
specifically about 75 percent or greater, and still more specifically from about 75 to about 
95 percent. Yield is the resulting amount of processed fiber expressed as a percentage of 
the initial wood mass. Exemplary high yield pulps include bleached 
chemithermomechanical pulp (BCTMP), chemithermomechanical pulp (CTMP) 
pressure/pressure thermomechanical pulp (PTMP), thermomechanical pulp (TMP), 
thermomechanical chemical pulp (TMCP), high yield sulfite pulps, and high yield Kraft 
pulps, all of which contain fibers having high levels of lignin. The desirable high yield pulp 
fibers can also be characterized by being comprised of comparatively whole, relatively 
undamaged fibers, having a freeness of 250 Canadian Standard Freeness (CSF) or 
greater, more desirably 350 CSF or greater, and still more desirably 400 CSF or greater, 
and low fines content (less than 25 percent, more desirably less than 20 percent, still 
more desirably less that 15 percent, and even still more desirably less than 10 percent by 
the Britt jar test). In addition to common papermaking fibers, high yield pulp fibers also 
include other natural fibers such as milkweed seed floss fibers, abaca, hemp, kenaf, 
bagasse, cotton and the like. Such fibers may be used in the described invention. 

The term "hydrophilic" shall mean a fiber, which allows for the spreading of water. 
Typically such materials demonstrate the physical attribute of having a surface energy 
greater than about 50 dynes/cm. 

The term "hydrophobic" shall generally refer to fibers that possess a surface that 
does not promote the spreading of water. The water instead, forms drops and a contact 
angle that can be measured from the plane of the fiber surface, tangent to the water 
surface at the three-phase boundary line (air-water-fiber). Typically the contact angle 
ranges from 40-1 10 degrees, and is often greater than 90 degrees. The fiber also 
demonstrates a surface energy of less than about 50 dynes/cm, such as between about 
10-50 dynes/cm. Further elaboration on hydrophobic materials may be found In 
Hydrophobic Surfaces, edited by F.M. Fowkes of the Academic Press, New York, 1969, 

4 
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page 1. Hydrophobic fibers may be produced from materials that are inherently 
hydrophobic or from hydrophilic fibers that have been treated in some fashion to be 
hydrophobic. 

Contact angles can be measured by standard measurement techniques such as 
5 those described in the Introduction to Colloid and Surface Chemistry by Duncan J. Shaw, 
Third Edition, Butterworths 1980, pages 131-135, incorporated herein by reference. 
Surface energy can be measured using dyne pen sets, such as those available from UV 
Process Supply, Inc., of Chicago, Illinois. Such pens were utilized in many of the 
experiments described herein. However, additional methods of measuring surface energy 

10 include Torsion Balance apparatus and other devices, which utilize platinum rings, such 
as those available from Torsion Balance Supplies of the United Kingdom. 

As used herein, the term "noncompressive drying" refers to methods for drying 
cellulosic webs that do not involve compressive nips or other steps causing significant 
densification or compression of a portion of the web during the drying process. 

15 Exemplary methods include through-air drying; air jet impingement drying; non-contacting 
drying such as air flotation drying, as taught by E.V. Bowden, E. V., Appita J., 44(1): 41 
(1991); through-flow or impingement of superheated steam; microwave drying and other 
radio frequency or dielectric drying methods; water extraction by supercritical fluids; water 
extraction by nonaqueous, low surface tension fluids; infrared drying; drying by contact 

20 with a film of molten metal; and other methods. The base sheets of the present invention 
are desirably dried with any of the above mentioned noncompressive drying means. 
Standard dry creping technology is viewed as a compressive drying method since the web 
must be mechanically pressed onto part of the drying surface, causing significant 
densification of the regions pressed onto a heated Yankee cylinder. Technology to 

25 noncompressively dewater and dry tissue webs with an air press and optionally with a 
Yankee dryer operated without creping is disclosed in U.S. Pat No. 6,187,137, to F.G. 
Druecke et al.; U.S. Pat. No. 6,197,154, to S. Chen et aL, and U.S. Patent No. 6,306,257 
to F. Hada et al., all of which are incorporated in their entirety by reference herein. Also of 
potential value for the paper towel making operations useful in the present invention, is 

30 the paper machine disclosed in U.S. Pat. No. 5,230,776 to LA. Andersson et aL; and the 
capillary dewatering techniques disclosed in U.S. Pat. Nos. 5,598,643 and 4,556,450, 
both to S.C. Chuang et al., all of which are incorporated herein by reference. The 
dewatering concepts disclosed by J.D. Lindsay in "Displacement Dewatering to Maintain 
Bulk" Paperi ja Puu, 74(3): 232-242 (1992) also provides further guidance in this area. 
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As. used herein, the term "non-rewetting" shall mean a towel that performs in such a 
manner as to help eliminate or reduce the sensation of rewetting a user's hands during 
use. 

"Rewet" is a measure of the amount of liquid water which can be wicked out of a 
5 moistened web into an adjacent dry filter paper and is intended to estimate the tendency 
of a moistened web to wet the skin. For instance, the Rewet test may be performed by 
cutting a sample of a tissue web to a rectangle of dimensions of approximately 4 in x 6 In. 
The test may be performed in a Tappi conditioned room (50% Relative Humidity, 73°F). 
In such a test, the initial air dry weight of the conditioned sample is recorded, then 

1 0 deionized water may be sprayed onto both sides of the tissue sample to uniformly wet it, 
bringing the total wet mass of the tissue to a value of 4 times the previously recorded 
initial air dry weight of the sample, thus bringing the "apparent moisture ratio" of the 
sample to a value of 3.0 grams (±0.15 g) of added water per gram of conditioned air dry 
fiber. The process of repeatedly spraying and weighing the sample until the proper mass 

15 has been reached should take no more than 2 minutes. Once the sample is wetted, a 
single dry Whatman #3 filter, which mass has been measured and recorded, may be 
placed on the center of the wet tissue sample and a load is Immediately placed on the 
filter disk. The load is a cylindrical disk of aluminum having a diameter of 4.5 inches and 
a thickness of 1 inch for a mass of 723 g. The aluminum disk should be centered about 

20 the filter disk. The filter paper on the wet sample remains under load for 20 seconds, at 
which time the load and the filter paper are immediately removed. The filter paper is then 
weighed, and the additional mass relative to the initial air dry mass is reported in grams as 
the Rewet value. Variations of this test may be used, such as that described in the 
examples which follow. 

25 "Normalized Rewef is the Rewet value of a sample divided by the dry mass of the 

sample. 

As used herein, the term "substantially uniformly distributed" shall mean distributed 
generally throughout the entire surface of a web layer, that will contact the skin of a user, 
as opposed to distributed in some areas of the web surface, and not in others. "Uniform 
30 distribution", or "uniformly distributed" will imply generally heterogeneous distribution of 
both hydrophilic and hydrophobic fibrous materials throughout the entire surface of the 
web, that will contact the skin of a user. 

As used herein, the terms "top surface layer", "top surface of the web", "outer 
surface layer, and "outer layer" shall be used interchangeably, and shall mean that layer 
35 portion of a web or hand towel which makes contact with a user's skin. 
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As used herein, the term "synthetic" or "synthetic fibers" shall include fibers made 
from polyolefins, polyesters, polyamides, and blends and copolymers, or fibers formed 
from other known thermoplastic materials. 

As used herein the term "wet-laid" is equivalent to the term "wet-forming" which 
5 indicates a process such as, for example, paper making, where a nonwoven material is 
formed from an aqueous suspension of fibers. Exemplary products which can be made 
by a wetlaid process include paper, artificial leather, backing for sandpaper and face 
masks, and include the paper towels/tissues/webs of the current invention. Such towel 
making methods are described in U.S. Patent Numbers 4,166,001, 5,494,554, and 
10 5,885,697, which are incorporated by reference herein, in their entirety. 

As used herein, "wet resilient pulp fibers" are papermaking fibers selected from the 
group comprising high-yield fibers, chemically stiffened fibers and cross-linked fibers. 
Examples of chemically stiffened fibers or cross-linked fibers include mercerized fibers, 
HBA fibers produced by Weyerhaeuser Corp., and those such as described in U.S. Patent 
15 No. 3,224,926, to L.J. Bernardin, and U.S. Patent No. 3,455,778, also to LJ. Bemardin. 
Though any blend of wet resilient pulp fibers can be used, high-yield pulp fibers are the 
wet resilient fiber of choice for many embodiments of the present invention for their low 
cost and good fluid handling performance when used according to the principles 
described below. 

20 The amount of high-yield or wet resilient pulp fibers in a base sheet within a specific 

absorbent layer or hydrophilic portion to be described later (as opposed to the outer 
layer(s) with mixed hydrophilic and hydrophobic fibers) is desirably at least about 10 dry 
weight percent or greater, more desirably about 15 dry weight percent or greater, even 
more desirably about 30 dry weight percent or greater, still even more desirably about 50 

25 dry weight percent or greater, and still even more desirably from about 20 to 100 percent. 
For layered basesheets, these same amounts can be applied to one or more individual 
layers. Because wet resilient pulp fibers are generally less soft than other papermaking 
fibers, it is advantageous to incorporate them into the middle layer(s) only of a final 
product, such as placing them in the center layer of a three-layered basesheet or, in the 

30 case of a multi-ply product, placing them in the inwardly-facing layers of each of the plies. 
If it is desired that such fibers should be incorporated into a towel, such fibers may be 
limited to those areas of the towel not in contact with a user's skin. In those areas which 
contact a user's skin, softer fibers may be used, such as those commonly found in various 
tissue products known to those skilled in the art, and described in the examples which 

35 follow. 
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The problems and needs previously described, are addressed by the present 
invention which provides a base sheet of an absorbent multi-layered web, including both 
hydrophilic and hydrophobic fibers substantially uniformly distributed along the base sheet 
top surface (i.e. top surface layer of the web). Essentially, the hand towels in accordance 
5 with the invention have a heterogeneous surface chemistry/fiber structure that creates 
areas that are in contact with the skin that do not contain fluid, or that repel fluid. A towel 
incorporating such a top surface layer, still absorbs and retains fluids while maintaining a 
dry feel at the top surface of the web that is in direct contact with a user's skin. 

Desirably, as can be seen in Figure 1, which illustrates a cross-sectional view of a 

10 towel in accordance with the present invention, the base sheet of the towel 10. can include 
a first 20 and second 30 layer. The first and second layers form a single ply, with one or 
both of the layers constituting a top surface layer for contact with a user's skin. In one 
embodiment, when one of the layers forms the top surface layer, the other layer is of 
predominantly hydrophilic/absorbent cellulosic fibers. 

15 In an alternative embodiment, as can be seen in Figure 2, which illustrates a 

cross-sectional view of an alternative embodiment of a towel made in accordance with the 
present invention, the first 50 and second 70 layers may substantially sandwich a third 
layer 60 having different fibers or different properties than the first and second layers in 
the towel 40. Such a middle layer may incorporate the high yield fibers/wet resilient pulp 

20 fibers previously described for example. 

Again, as in Fig. 1, the first and second layers 50 and 70, can form the top surface 
layers of a towel. All three layers may form a single ply. In such an embodiment, high 
yield hydrophilic/absorbent pulp fibers (or wet resilient pulp fibers) may be strategically 
placed in certain layers while softer hydrophilic cellulosic fibers, such as those commonly 

25 used in tissue applications, could be placed in other areas in contact with the skin of a 
user. Such softer fibers are exemplified by wood such as white spruce and pine, and 
hardwoods such as aspen, oak, ash, elm, maples and eucalyptus. 

The hydrophobic fibers to be utilized with the softer hydrophilic fibers, may either 
be cellulosic fibers which have been chemically treated to render them hydrophobic, or in 

30 the alternative, fibers formed from inherently hydrophobic synthetic material such as 
polyolefins, polyesters, polyamides, and blends and copolymers, or fibers formed from 
other known thermoplastic hydrophobic materials. Desirable, in one embodiment, 
thermoplastic materials for use as hydrophobic fibers in the present invention include 
polypropylene fibers. 
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If such hydrophobic fibers are treated cellulosic fibers, they may be treated with 
such materials as polysiloxanes, flourine compounds, silicone compounds, 
polytetrafluorethyiene (PTFE), waxes, polyurethane emulsions, fats, and fatty acid 
derivatives for example. 

In a desirable embodiment, a single-ply product contains between about 10 to 
about 50 percent hydrophobic fibers in the top surface layer and the remainder hydrophilic 
fibers. A two-ply product also desirably includes between about 10 to about 50 percent 
hydrophobic fibers in the top surface layer, with the remainder hydrophilic fibers. 
Alternatively, a single ply product contains between about 10 to about 50 percent 
hydrophobic fibers, with the ply made from high loft through-air drying (TAD) in order to 
further reduce the surface area in contact with the skin. A description of through-air 
drying technology is provided in U.S. 5,990,377 incorporated herein by reference in its 
entirety. 

In still a further embodiment, a three-layered single ply product includes an inner 
layer consisting of highly absorbent (hydrophilic) cellulosic fibers such as the high yield 
fibers previously described, and at least one of, but desirably both of the outer layers 
including between about 10 to about 50 percent hydrophobic fibers, with the remainder 
being hydrophilic fibers. In still a further alternate embodiment, the inner layer of the three 
layered embodiment includes a superabsorbent material. In such a three layered 
embodiment, the pore size distribution in the inner layer is also optimized to help draw 
fluid residing in the void spaces away from an outer sheet surface (as fluid in these 
spaces can contribute to the rewetting phenomena). In order to accomplish this, smaller 
pore sizes would be preferred which would maximize capillary forces within the materials. 
In still a further alternate embodiment, the three layered embodiment has three 
dimensional patterns on the two top surface layers so as to increase the contact of the 
hydrophobic areas of the sheet on a user's hands. It should be understood that other 
additives which are routinely incorporated into paper products and are widely known in the 
paper making art, may be added as well to the fibrous mix. Such additives include wet 
strength agents (such as polyamine epichlorohydrins) and dry strength agents such as 
starch and carboxymethyl cellulose, as well as softening agents and debonders. In still a 
further alternative embodiment, more than one inner middle layers are included in the 
structure. 

It should be recognized that in each of the described embodiments, the outer or 
top surface layer, which comes in contact with the user's skin, includes the hydrophobic 
and hydrophilic fibers substantially uniformly distributed in the heterogeneous layer. In 
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one alternative embodiment, the hydrophobic fibers are treated cellulosic fibers. In an 
alternative embodiment, the hydrophobic fibers are synthetic fibers. 

Suitable base sheets for single-ply and multi-ply paper towels can be prepared 
from aqueous slurries of papermaking fibers with known papermaking techniques. The 
5 hydrophilic fibers may be derived from wood, wood-free pulp, or other sources of cellulose 
and desirably containing a portion of high yield or other wet resilient pulp fibers and an 
effective amount of wet strength agents. By wood and wood free is meant mechanical 
and chemical pulp fibers respectively, it being understood that in mechanical pulping, the 
entire tree is ground down to produce fibers and in chemical pulping, parts of the tree are 

10 dissolved using chemicals to produce individual fibers. As previously indicated, the 

hydrophobic fibers may consist of modified wood and wood free pulp fibers and synthetic 
petroleum-based fibers. 

With respect to pulp fiber modification, the surface chemistry of these fibers can 
be made more hydrophobic by bonding a variety of chemistries to the surface of the fibers 

15 as previously described. The bonding can be through simple Van der Waals attraction, 
ionic or covalent forces. The covalent bonding typically is produced using grafting 
techniques. Such chemistries include using sizing agents such as AKD (alkyl ketone 
dimer), Kymene (epichlorohydrin), polysiloxanes and vinyl monomers. Desirable 
hydrophobic synthetic fibers include nylon, polypropylene, polyester, polyethylene 

20 terthalate (PET), polyvinyl chloride, and a mixed component fiber that includes flourine. 

The basesheet can be textured by through-air drying on a three dimensional fabric 
or other means known in the art and preferably non-compressively dried to give a three- 
dimensional structure. The inherent stiffness of wet resilient pulp fibers may be reduced, 
if desired, by incorporation of a suitable plasticizer such as glycerol or by mechanical 

25 treatment such as microstraining, dry creping, or calendering. 

Through-drying fabrics well suited for formation of three-dimensional webs are 
disclosed in U.S. Pat. No. 5,429,686, incorporated by reference herein. Other methods 
such as wet molding, forming on three-dimensional forming fabrics, drying on nonwoven 
substrates, rush transfer onto embossing fabrics, embossing, stamping, and so forth may 

30 be used to create useful three-dimensional structures. 

The base sheet may be formed as a unitary multilayer structure in which various 
plies are well bonded and intimately connected to each other. Such unitary multilayer 
basesheets may be formed using layered or stratified headboxes in which two or more 
furnishes are provided into separate chambers of a headbox, or alternatively, they may be 

35 formed using separate headboxes by couching the wet webs together prior to drying in 
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order to allow extensive hydrogen bonding to develop between the plies during drying. 
Furthermore, they may be formed during air-laying by varying the composition of the 
fibers and additives imparted to the web. 

Multilayer sheets allow better control of physical properties by tailoring the material 
composition of each layer. For example, a unitary multilayer basesheet useful for the 
present invention would have as previously described, an upper top surface layer, 
corresponding to the upper surface of the basesheet, and at least one remaining layer 
below said upper layer and integrally attached thereto, preferably through hydrogen bonds 
formed between cellulosic fibers during drying, wherein said upper layer differs from at 
least one remaining layer of the basesheet in terms of material composition. The 
difference in material composition may be due to differences in fiber species (for example, 
percentage of hardwood versus softwood or percentage of hydrophobic versus 
hydrophillic fibers; fiber length; fiber yield; fiber treatment with processes which change 
fiber morphology or chemistry such as mechanical refining, fiber fractionation, dispersing 
to impart curl, steam explosion, enzymatic treatment, chemical crosslinking, ozonation, 
bleaching, lumen loading with fillers or other chemical agents, supercritical fluid treatment, 
including supercritical fluid extraction of agents in the fiber or supercritical fluid deposition 
of solutes on and into the cell wall, and so forth. The difference in material composition 
between the upper layer and at least one other layer in the base sheet also may be due to 
differences in added chemicals, including the type, nature, or dosage of added chemicals. 
The chemicals added differentially to at least one layer of the web may include debonding 
agents, anti- bacterial agents, wet strength resins, starches, proteins, superabsorbent 
particles, fiber plasticizers such as glycols, colorants, opacifiers, surfactants, zinc oxide, 
baking soda, silicone compounds, zeolites, activated carbon, and so forth. 

As has been indicated, the towel of the current invention may be made using a 
wet-laid process. Furthermore, the hydrophobic fibers may be mixed with the hydrophilic 
fibers of at least one of the first or second layers in a headbox as previously indicated. 
The first or second layers may in a further embodiment include sulfite pulp or BCTMP. 

While the towel of the present invention desirably has a total basis weight from 
about 25 gsm (grams per square meter) to about 60 gsm, the basis weight of the towel 
may vary depending on the intended end use of the material. The fiber sizes of the 
hydrophobic fibers are desirably between about 10 and 60 microns in diameter, and 
between about 0.5 and 3 mm in length. The fiber sizes of the hydrophilic fibers are 
desirably in the same range. In one embodiment, the hydrophilic fibers are comprised of 
soft wood cellulosic materials such as Northern Softwood Kraft, while the hydrophobic 
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fibers are comprised of treated cellulosic material, if the hydrophobic fibers are made by 
traditional meltspinning nonwoven techniques well known in the art of nonwoven 
technology, the fibers then may be incorporated in the hydrophilic fiber slurry during 
routine paper manufacturing steps. 
5 Furthermore, if a third middle layer is included (as part of a single ply structure) as 

has been previously described, the third layer may have higher absorbency, through 
larger percentages of the hydrophilic materials, and demonstrate higher wicking, than the 
first and second layers. 

In still another embodiment of the invention, a towel may include a first ply 

10 including a first top surface layer having hydrophilic fibers and hydrophobic fibers and a 
second layer having hydrophilic fibers with higher absorbency than the first layer. The 
second layer should be positioned proximate to the first layer. A second ply may be 
bonded to the first ply and be generally a mirror image thereof. 

In general, it has been discovered that the substantially uniform distribution of 

1 5 hydrophobic fibers with hydrophilic fibers on the top surface layer of a towel, can enhance 
the suitability of such a towel for use in hand drying, by reducing the amount of fluid that 
can remain in contact with the skin or flow back to the skin during drying, thus resulting in 
an improved dry feel, and a sensation that the towel is not rewetting the hand during the 
drying process. 

20 The following examples are designed to aid in understanding the invention, but are 

not meant to limit the scope of the invention. For the purposes of the examples, the term 
"OD" shall refer to oven dried (at 105°C ± 2° C). The weights of the hand sheets samples 
tested ranged from between 3.1 1 to 3.89 grams. The inner layer on two and three layered 
base sheets was made from 800 ml of 0.3% consistency cellulose slurry. It should be 

25 understood that for the purposes of the examples, the inner layer was the untreated 
absorbent layer. The inner layer was also positioned closest to the screen on the 
handsheet mold. The outer layer was made from 100 ml of 0.3% consistency cellulose 
slurry. It should be understood that the outer layer was the treated layer (including both 
treated and untreated cellulosic fibers), and was also the layer on the handsheet mold 

30 away from the screen. 

When cellulose had been treated to create hydrophobic fibrous material, generally 
between 1 and 15% polysiloxanes (NuDry 30, OSI-Witco Corporation) were utilized 
(percents are in percent total solids). The polysiloxane was an amino polysiloxane in 
solution. The volume of solution ranged from 50 ml to 300ml, depending on the example. 

35 Although larger total solids percentages may be used, no perceived benefit of such larger 
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concentrations was realized. In fact, larger percentages between 10% and 15% were 
difficult to uniformly apply, despite demonstrating lessened rewetting at higher percentage 
treated fibers in the final product. Typically, the fibers were treated by adding 1-5% of the 
polysiloxane solution (in an amount of 50 ml) to stock, mixing for 5 minutes, and then 
5 removing the excess so as not to contaminate the untreated fibers. The differently treated 
fibers were then blended to the untreated fibers (i.e. to stock). The blend of treated to 
untreated fibers were accomplished utilizing the ratios which follow in Table 1. 

Hand sheets were made using Tappi Test Method T205 sp-95. The handsheets 
were made in a standard TAPPI handsheet mold using both a 200 mesh screen and a 

10 through air dryer fabric placed on top of the screen. The fibers used were Northern 

Softwood Kraft, Southern Softwood Kraft, and Eucalyptus. If synthetic fibers, as opposed 
to treated cellulosic fibers, were to be used, they could be incorporated into the sheets 
such as in 2-3 denier polypropylene fibers cut in the range of 1-2 mm in length. The 
layers could then be combined while wet and then dryed in restraint rings to form layered 

15 handsheet structures. All of the handsheets were unpressed. 

Examples 

Example 1 

20 

The initial experiment involved creating a handsheet that has an inner and outer 
layer (two layers). The outer layer (farthest from the screen in the hand sheet mold) had 
chemically treated cellulose fibers contained within it. The inner layer (core) was 
composed of Eucalyptus stock 800 ml 0.3% consistency. This formulation allowed for a 

25 good absorbent inner core to be established. 

The outer layer was composed of 100% softwood cellulose fibers. However, some 
of the fibers were treated with a hydrophobic chemical agent, while others were not. This 
layer consisted of a total of 0.3g fiber, 100 ml at 0.3% consistency. Several varying 
percentages were used as a ratio of treated and untreated fibers in the outer layer. These 

30 are shown below in Table 1 as a ratio of treated to untreated fibers. These are shown as 
the "percent" and ml of each, as well as the gF of each, with gF being grams of dry fiber. 
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Table 1 



Qamnln it 
Od III pic ft 


i reaieo 
(% and ml) 


Treated (gr) 


Untreated 

f% and mH 


Untreated 


1 


100 


0.30 


0 


0.00 


2 


80 


0.24 


20 


0.06 


3 


60 


0.18 


40 


0.12 


4 


40 


0.12 


60 


0.18 


5 


20 


0.06 


80 


0.24 


6 (Control) 


0 


0.00 


100 


0.30 



5 ' The method of treating the fibers was to mix the fibers to be treated with the 

chemical treatment (polysiloxanes), remove the excess liquid out in a Buchner funnel, 
wash the fibers and repeat the funneling. The first attempt included making a large batch 
of treated fibers by using 600 ml 0.3% consistency stock and adding 300 ml at 15% solids 
chemical treatment (polysiloxane identified), filtering, washing, filtering and drying (OD). It 
10 was determined that the hydrophobic fibers produced would not disperse well in water at 
these percentages and volumes. As a result, the following procedures were followed in 
the next examples. 

Example 2 

15 

To generally demonstrate an example of an absorbent web with improved dry feel, 
a handsheet was prepared in a British Handsheet Mold using Tappi standard procedures. 
The handsheet was made from a blend containing both cellulosic and synthetic fibers, as 
well as a blend of treated and untreated cellulosic fibers. The treated or modified 
20 cellulosic fibers were treated with an aminopolysiloxane. These handsheets were then 
placed on top of an untreated handsheet to produce a multi-ply structure. The rewetHng 
was measured by pouring water on the sheet, covering it with a dry filter paper, applying 
pressure, and measuring the moisture pick-up of the filter paper. 
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Example 3 

The experiment involved creating a handsheet that had an inner/untreated and 
outer/treated layer (two layers). The inner layer was created from 800 ml of a eucalyptus 
fiber slurry at 0.3% consistency. The outer layer was created from a mixture of chemically 
untreated and treated softwood cellulose fibers. The outer layer was produced using the 
following methodology. A 600 ml sample of 0.3% consistency softwood fiber slurry was 
separated from the larger 0.3% consistency softwood fiber slurry. A 50 ml sample of the 
5% total solids chemical treatment was added to the softwood fiber slurry sample. This 
mixture was stirred to ensure uniformity of the chemical onto the fiber slurry. The excess 
chemical was then removed from the mixture via a Buchner funnel. The fibers were 
washed with water to remove additional excess chemistry and then funneled again. At 
this point, it is required that the percent consistency of the treated fiber sample be known 
in order to determine the overall percent consistency of the softwood sample prior to 
making the handsheets. It was important that the overall percent consistency of the 
softwood sample be known so that the handsheets could be made to the desired weight. 
The percent consistency, (gfiber/(gfiber+gwater))*100, of the treated fibers was 
determined by taking a known sample of the treated fibers, making a handsheet with that 
sample, drying the sample in an oven until oven dry, and then weighing the handsheet. 
The treated softwood fibers were added to an untreated softwood fiber slurry in the 
correct ratio. This softwood fiber slurry was used along with the inner layer in making the 
handsheets for testing. 

Samples of the handsheet were then tested using the following procedure. The 
handsheet was placed on top of a 4-inch filter paper. 2 ml of water was poured on top of 
the handsheet. Approximately 15 seconds was allowed to elapse. Another 4-inch filter 
paper was placed on top of the sample. A 200-gram weight, evenly distributed, was 
placed on the top filter pad. Approximately 30 seconds were allowed to elapse. The 
weight was then removed and the top filter paper was weighed. The difference between 
the initial filter paper weight and the final filter paper weight (with the water) is the amount 
of water that "rewef back from the sample. This value can be known as the °rewer value 
or the "water" value (as stated in the Table 2) and is designated in grams. It Is important 
to determine how much water will rewet back from the sample for every gram of fiber 
weight. Each sample is not the same weight and the amount of water that can be 
absorbed into the handsheet is dependent upon the amount of fiber in the sample. Thus, 
a "normalized rewet" value is established that takes the amount of fiber in each sample, or 



15 



WO 03/037394 



PCT/DS02/09520 



alternatively the weight of the sample, into consideration. The normalized rewet value is 
calculated by dividing the water weight in grams by the web weight in grams. The amount 
of water that will rewet from the sample is now identified per gram of fiber as opposed to 
per web sample. In order to get the normalized rewet value into a more meaningful 
5 number, the "decreased rewet" or the "non rewetting performance" value was calculated. 
The non rewetting performance value is calculated by dividing the normalized rewet value 
of the control sample (sample #6) by the quantity of the normalized rewet value of the 
control less the normalized rewet value of the experimental sample (samples #1-5). This 
value depicts the percentage by which the experimental sample decreased the "rewet" in 
10 comparison to the control sample. 

the handsheets were prepared in a TAPPI standard handsheet mold using TAPPI 
Test Method T 205 sp-95 Forming handsheets for physical tests of pulp. (TAPPI Press, 
Atlanta.) 

Non-rewetting performance for various hydrophobic/ hydrophilic ratios is shown in 
15 the following Table 2. 



Table 2 



Samp 


Treat. 


Treat 


Untre. 


Untre. 


Web 


Filter 


Filter 


Water 


Norm 


Dec 


.# 


% + 


(gF) 


% + 


(gF) 


(g) 


Initial 


Final 


(9) 


Rewt 


Rewt. 




ml 




ml 






(9) 


(g) 






(%) 


1 


100 


0.30 


0 


0.00 


3.64 


1.39 


1.41 


0.02 


0.005 


82 


2 


80 


0.24 


20 


0.06 


3.11 


1.44 


1.46 


0.02 


0.006 


79 


3 


60 


0.18 


40 


0.12 


3.79 


1.39 


1.42 


0.03 


0.008 


74 


4 


40 


0.12 


60 


0.18 


3.37 


1.39 


1.43 


0.04 


0.012 


62 


5 


20 


0.06 


80 


0.24 


3.29 


1.43 


1.49 


0.06 


0.018 


41 


6 


0 


0.00 


100 


0.30 


3.89 


1.43 


1.55 


0.12 


0.031 





In the above table, the abbreviation "Samp. #" refers to sample number, Treat %" 
20 refers to treated cellulosic fiber percentage, 'Treat. (gF)" refers to treated cellulose in 
grams dry fiber , "Untre. %" refers to untreated cellulose fiber percentage, "Untre. (gF)" 
refers to Untreated grams dry fiber, "Filter Initial" refers to initial filter weight, "Filter Final" 
refers. to final filter weight, "Water" refers to water weight on filter paper (or Rewet), "Norm 
Rewt" refers to normalized rewet values, and "Dec Rewt (%)" or Decreased Rewet, refers 
25 to Decreased rewetting performance percentage or percent reduction in moisture 
transferred to the 4 inch filter paper. Sample # 6 was the control. 
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The data for this table is reflected in Figure 3 which illustrates Non-rewetting 
performance percentages, that is the ability to not re-transfer wetness onto another 
surface from the paper towel tested, versus the percentage of hydrophobic fiber in the top 
surface layer of a hand towel made using the above preparation. The results demonstrate 
that as the amount of treated cellulose fibers increases, the decreased rewet value 
increases. 

It should also be appreciated that the blending of hydraphilic and hydrophobic 
fibers throughout the surface of an article, may also occur in other personal care products, 
such as in a tissue, wipe, diaper liner or other absorbent consumer product components. 

While the invention has been described in detail with particular reference to the 
preferred embodiments thereof, it should be understood that many modifications and 
additions may be made thereto, in addition to those expressly recited, without departure 
from the spirit and scope of the invention as set forth in the following claims. 
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WHAT IS CLAIMED IS: 

1 . An absorbent multilayered web comprising: 

a top surface layer, said top surface layer including first and second fibers, 
5 wherein said first fibers are hydrophilic and said second fibers are hydrophobic, 

and further wherein said first and said second fibers are substantially uniformly 
distributed on the top surface layer; 
at least one additional layer. 

10 2. The absorbent multilayered web of claim 1 wherein said second fibers comprise 
from about 10% to about 50% of said top surface layer. 

3. The absorbent multilayered web of claim 1 wherein said hydrophobic fibers are 
synthetic fibers. 

15 

4. The absorbent multi-layered web of claim 3 wherein said synthetic fibers are 
polypropylene fibers. 

5. The absorbent multi-layered web of claim 4 wherein said polypropylene fibers are 
20 between about 1 .0 and 2.0 mm in length. 

6. The absorbent multi-layered web of claim 1 wherein said hydrophobic fibers are 
chemically treated cellulosic fibers. 

25 7. The absorbent multi-layered web of claim 6 wherein said hydrophobic fibers are 
chemically treated with amino polysiloxane. 

8. The absorbent multi-layered web of claim 7 wherein said amino polysiloxane 
concentration is between about 1 and 5% solids. 

30 

9. The absorbent multi-layered web of claim 1 wherein said absorbent multi-layered 
web is a wet-laid tissue sheet. 

1 0. The absorbent multi-layered web of claim 1 , wherein said additional layer includes 
35 hydrophilic fibers. 
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1 1 . The absorbent multi-layered web of claim 1 0, wherein said hydrophilic fibers 
predominate said additional layer. 

12. The absorbent multi-layered web of claim 10, wherein said hydrophilic fibers 
5 include high yield pulp fibers. 

13. An absorbent towel comprising the absorbent multi-layered web of claim 1 . 

14. A personal care article comprising the absorbent multi-layered web of claim 1. 

10 

15. An absorbent multi-layered web comprising: 

a) a first outer layer and second outer layer, said first and second outer layers 
containing first and second fibers, said first fibers being hydrophilic and 
said second fibers being hydrophobic, wherein said first and second fibers 

15 are substantially uniformly distributed on the first and second outer layers 

of the web; 

b) a third middle layer disposed between said first and second outer layers, 
and containing predominantly hydrophilic fibers. 

20 16, The absorbent multi-layered web of claim 15 further comprising additional layers 
positioned between said middle layer and said first or second outer layer. 

17. The absorbent multilayered web of claim 15 wherein said second fibers comprise 
from about 10% to about 50% of said first and second outer layers. 

25 

1 8. The absorbent multilayered web of claim 1 5 wherein said hydrophobic fibers are 
synthetic fibers. 

19. The absorbent multi-layered web of claim 18 wherein said synthetic fibers are 
30 polypropylene fibers. 

20. The absorbent multi-layered web of claim 19 wherein said polypropylene fibers are 
between about 1.0 and 2.0 mm in length. 
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21 . The absorbent multi-layered web of claim 1 5 wherein said hydrophobic fibers are 
chemically treated cellulosic fibers. 

22. The absorbent multi-layered web of claim 21 wherein said hydrophobic fibers are 
chemically treated with amino polysiloxane. 

23. The absorbent mufti-layered web of claim 22 wherein said amino polysiloxane 
concentration is between about 1 and 5% solids. 

24. The absorbent multi-layered web of claim 15 wherein said absorbent multi-layered 
web is a wet-laid tissue sheet 

25. The absorbent multi-layered web of claim 15, wherein said middle layer includes 
hydrophilic fibers. 

26. The absorbent multi-layered web of claim 25, wherein said hydrophilic fibers 
predominate said middle layer. 

27. The absorbent multi-layered web of claim 26, wherein said hydrophilic fibers 
include high yield pulp fibers. 

28. An absorbent towel comprising the absorbent web of claim 1 5. 

29. A personal care article comprising the absorbent web of claim 15. 

30. An absorbent web having a surface, comprising: 

first and second fibers, said first fibers being hydrophilic and said second fibers 
being hydrophobic, wherein said first and said second fibers are substantially 
uniformly distributed on the surface of the web. 
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31 . A method of making an absorbent multi-layered web comprising the steps of: 

a) providing hydrophilic fibers; 

b) providing hydrophobic fibers; 

c) forming a first web layer of substantially uniformly distributed hydrophilic 
and hydrophobic fibers; 

d) creating at least a second web layer, 

e) joining said first layer with said second layer. 
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